ABSTRACT Background
Achalasia is an uncommon condition characterised by failed lower oesophageal sphincter relaxation. Data regarding its incidence, prevalence, disease associations and long term outcomes are very limited.
Methods
Hospital Episode Statistics (HES) include demographic and diagnostic data for all English hospital attendances. The Health Improvement Network (THIN) includes the primary care records of 4.5 million UK subjects, representative of national demographics. Both were searched for incident cases between 2006 and 2016 and THIN for prevalent cases. Achalasia subjects in THIN were compared with age, sex, deprivation and smoking status matched controls, for important co-morbidities and mortality.
Results
There were 10,509 and 711 new achalasia diagnoses identified in HES and THIN respectively. The mean incidence per 100,000 people in HES was 1.99(95% CI 1.87-2.11) and 1.53(1.42-1.64) per 100,000 person years in THIN. The prevalence in THIN was 27.1(25.4-28.9) per 100,000 population. Incidence Rate Ratios (IRR) were significantly higher in achalasia subjects (n=2,369) compared to controls (n=3,865) for: oesophageal cancer (IRR 5.22(95%CI: 1.88-14.45),p<0.001), aspiration pneumonia (13.38 (1.66-107.79),p=0.015), lower respiratory tract infection (1.33(1.05-1.70),p=0.02) and mortality (1.33(1.17-1.51),p<0.001). The median time from achalasia diagnosis to oesophageal cancer diagnosis was 15.5(IQR 20.4) years.
Conclusion
The incidence of achalasia is 1.99 per 100,000 population in secondary care data and 1.53 per 100,000 person years in primary care data. Subjects with achalasia have an increased incidence of oesophageal cancer, aspiration pneumonia, lower respiratory tract infections and higher mortality. Clinicians treating patients with achalasia should be made aware of these associated morbidities and its increased mortality.
What is already known on this subject?  Achalasia is uncommon, but data on its incidence and prevalence are unclear.  An association to oesophageal cancer has been reported. What are the new findings?  Incidence of achalasia is 1.99 per 100,000 population and 1.53 per 100,000 person years based on secondary care and primary care data respectively.  Achalasia prevalence is 27.1 per 100,000 people.  Oesophageal cancer is over 5 times more likely in achalasia patients, presenting on average 15 years after diagnosis.  Achalasia is associated with increased mortality and an increased risk of respiratory tract infections. How might these findings impact on clinical practice in the foreseeable future?  Incidence and prevalence data should inform service planning for therapy for this condition.  The time to diagnosis of oesophageal cancer should be taken into account when considering screening for this patient group.  Clinicians should be more vigilant for respiratory tract infections in this patient group
INTRODUCTION
Achalasia is characterised by a lack of relaxation of the lower oesophageal sphincter. Symptom onset is typically insidious, with several years of dysphagia, regurgitation and progressive weight loss until a diagnosis is made. It has a substantial impact on quality of life through making meal times miserable.
Only limited data exist to describe the epidemiology of achalasia. The reported incidence of achalasia varies between 0.03 per 100,000 in a Zimbabwean population(1), 1.07 per 100,000 in Chicago in the United States of America(2), and 1.63 per 100,000 in Canada (3) . However these studies included small cohorts of only 25, 379 and 463 subjects with achalasia respectively. The largest UK study, in 1987, reported an incidence of 0.9 per 100,000 people but was derived only from hospital data (4) . Estimates of achalasia prevalence have similar limitations.
Left untreated the clinical progress of achalasia subjects includes gradual dilatation of the oesophagus and eventual mega-oesophagus. However, there is little data available to describe the long term impact of achalasia following diagnosis and therapy. Life expectancy in patients with achalasia has been previously reported to be similar to background population but these estimates were derived from cases series rather than population based data (5) . Several studies have suggested an association between achalasia and oesophageal cancer (6, 7) , leading to debate regarding the potential value of endoscopic screening for this patient group.
We have therefore examined the incidence, prevalence, associated morbidity and mortality of subjects with achalasia in two national patient databases.
MATERIALS AND METHODS

Data Sources
Hospital Episode Statistics
Hospital Episode Statistics (HES) are recorded to deliver administrative functions such as payment to secondary care providers in England. HES has also been made available for secondary research purposes. Unique identification codes link each admission episode to individual patients enabling longitudinal analysis. Available data includes diagnostic codes (International classification of diseases 10 (ICD-10)), demographic and administrative data. HES includes procedures performed as an outpatient in secondary care such as endoscopy.
The Health Improvement Network
The Health Improvement Network (THIN) represents a group of General Practices (primary care) covering 6% of the UK population, which is representative of the UK population structure (8) .
Diagnosis and clinical presentations are recorded as Read codes, a hierarchical coding system (9) .
Additional information includes demographic, laboratory and prescription data. Individual practices were eligible for inclusion in the study from the later of the following two dates to ensure that the practice was making full use of the Electronic Medical Record (EMR): one year after the date their EMR was installed; and after the practice's acceptable mortality recording date. To ensure there was sufficient time to record baseline co-morbidities data, individual subjects were eligible for inclusion from the date their practice became eligible for inclusion in the study or one year after registration with their practice if this date was later.
Validation HES data were validated by interrogation of local endoscopy reporting software, an oesophageal manometry database and surgical operation logs during the study period at Sandwell and West Birmingham Hospitals NHS Trust. All subjects with achalasia listed as a reported finding, prior diagnosis or indication were collated and electronic records were then hand searched to ensure suitability for inclusion in the study. This figure was then compared to the equivalent data generated from HES. There is no current mechanism to validate THIN data, however the data integrity is supported by the stringent minimum data quality standards described above.
Incidence and Prevalence Data
HES were searched for any subject with a diagnostic code in the primary position for achalasia England, rather than the whole UK, and the incidence was calculated on the basis of the source population (approximately 50 million persons).
THIN was searched using the READ code for achalasia for both new and previously diagnosed cases of achalasia (appendix B) as communicated from secondary care. Incidence is reported annually per 100,000 person years with 95% confidence intervals and prevalence as on 1 st of January each year per 100,000 populations with 95% confidence intervals.
Retrospective Cohort Study of morbidity and mortality outcomes in the THIN database
For outcome analysis only THIN database was utilised because it is possible to generate controls from the source population to compare outcomes. The index date of the achalasia subjects in THIN were defined as the date they were eligible to take part in the study if they already had a diagnosis of achalasia, or the date they were diagnosed with achalasia if they were incident cases. Achalasia subjects in THIN were matched for age at index date (within 2 years), sex, deprivation (Townsend deprivation score) and smoking status to two control subjects without a diagnosis of achalasia. The controls were selected from the same general practice as the matched case. Group demographics and incidence rates for pre-specified outcomes of interest were calculated for achalasia and control groups during the study period from 1st January 1996 to the 1st September 2015. New outcome codes were sought in matched groups from the index date until the first of the following outcomes 
Incidence and prevalence of achalasia
The overall incidence per 100,000 population over the study period in HES was 1. 
Demographics and co-morbidity in the matched achalasia and control groups
There were 2,369 achalasia cases matched to 3,865 controls within THIN. There was a mean of 6.1 (SD 5.4) and 6.4 (5.4) person years follow-up for achalasia subjects and controls respectively.
Achalasia subjects were slightly older as they were matched to within 2 years (56.7 vs. 55.5 years, p=0.03), however there was no difference in sex, BMI or deprivation index quintile. (table 3) .
Morbidity outcomes in the matched achalasia and control groups
Following adjustment for potential confounding factors, oesophageal cancer was more common in the achalasia group compared to the control group; adjusted IRR 5.22 (95% CI 1.88-14.45), p=0.001.
Also more common in the achalasia group were aspiration pneumonia 13.4(1. figure 3 .
DISCUSSION
The incidence of achalasia in England was between 1.42 and 2.11 per 100,000 between 2006 and 2016 and its prevalence 27.1 per 100,000. Both the incidence and prevalence are higher than previously thought in the UK population. A previously unrecognised increased mortality in achalasia subjects has been demonstrated, as has an association between achalasia and aspiration pneumonia and lower respiratory tract infections. Furthermore this study confirms a significant association between oesophageal cancer and achalasia with a fivefold higher incidence in achalasia.
There are limited recent data on the incidence and prevalence of achalasia. Although significantly higher than the incidence reported in the largest English study (0.9 per 100,000)(4), the results reported here are in keeping with the incidence reported in a more recent Canadian study, which reported an incidence of 1.63(95% CI 1.2-2.1) per 100,000 (3) . However the prevalence reported in the current study is significantly higher than that reported in Canada (10.8(9.7-11.9)). A potential reason for this discrepancy is due to case finding, as any achalasia subject was included in the present study, whereas the Canadian study only included subjects attending for treatment by pneumatic dilatation or surgical myotomy. Therefore any subject in the Canadian study that did not present for treatment would not be included. Although the authors have validated their data
showing excellent sensitivity and specificity, the validation population were those attending for treatment. This important source of bias was not addressed in the prevalence analysis.
High resolution manometry diagnoses achalasia more accurately and provides information on subtypes that is relevant to response to therapy (12) . The widespread use of high resolution manometry might be expected to marginally increase the incidence of achalasia and such a rise in incidence over time was seen in the HES database but not the THIN database.
An association with oesophageal cancer has been previously reported in achalasia. The mechanism is not understood, but, it has been postulated that poor oesophageal emptying leads to stasis and inflammation and subsequently dysplasia and eventually to neoplasia (13) . Estimates of the magnitude of the increased risk vary. In a Swedish cohort study a 16-fold increase (SIR 16.6(8.8-28.3))(7) has been reported. However a more recent Swedish study described a 10-fold increase (SIR 10.5(7.0-15.9)) in risk of oesophageal cancer (6) . The higher background UK oesophageal cancer incidence compared to Sweden is likely to have reduced the relative increase in risk in achalasia subjects in the present study. The median time from achalasia diagnosis to oesophageal cancer was 15.5 (IQR 5.8-26.2)years. This estimate is imprecise due to the small number of observed events, as oesophageal cancer remains a rare event even in this population. It is therefore not possible to discern a discrete period of increased risk following achalasia diagnosis, however cancers within 5 years of diagnosis appear uncommon. Unfortunately, a limitation of the present study is the inability to distinguish between oesophageal squamous cell carcinoma and oesophageal adenocarcinoma, as neither database is linked to a cancer registry.
Several case reports describe recurrent respiratory tract infections in the presence of recently or undiagnosed achalasia (14) (15) (16) . There are no population based studies that have previously demonstrated an association between achalasia and aspiration pneumonia or lower respiratory tract infection (LRTI). The peak incidence of LRTI was 7.5 years following diagnosis, however, the cumulative incidence plot (figure 2) suggests this event occurs regularly in the years following diagnosis. 75% of these episodes occurred at least 18 months after diagnosis but a small proportion of LRTIs may be related to initial achalasia treatment (surgery or pneumatic dilatation). However it seems likely that generally this association represents the same process as may contribute to oesophageal cancer, i.e. incomplete emptying of the oesophagus with consequent risk of aspiration of oesophageal contents.
More subjects died in the achalasia group compared to the matched controls when adjusted for a number of risk factors. The median time to death was 6.8 (IQR 0.6-12.9) years, potentially coinciding with both any peri-procedural mortality from treatment (17) and excess LRTI in this group. However, these factors alone may be insufficient to explain the increased mortality. The increased incidence of oesophageal cancer is also likely to contribute, but this cause of increased mortality is later in the natural history and uncommon. Unfortunately the cause of death as stated on the death certificates was not available in this study. Although mortality in achalasia has been investigated previously in a tertiary centre case series, in that study, no increase in mortality was reported(5).
This analysis is dependent upon accurate coding of achalasia and associated diagnoses. The data provided by HES has been validated, demonstrating high levels of agreement in an individual provider. Data completeness can also supported by comparison of the median age to other studies including Samo (median age 56)(2) and Enestvedt (mean age 62)(18) compared to 59 in HES and 62 in THIN. Unfortunately oesophageal manometry data were not available within HES or THIN to support the coded diagnosis of achalasia. THIN data is centrally quality controlled, therefore providing reassurance that coding is accurate. However as the diagnosis is established in secondary care, the primary care Read codes are dependent on accurate communication. Therefore ascertainment bias may lead to under-estimation of the incidence and prevalence of achalasia in THIN data. This potentially explains the variation in incidence between the two datasets, although this is small with the peak discrepancy between 95% CI 0.38 per 100,000. However, the similarity seen between data from THIN and HES is reassuring. A diagnosis of achalasia will be made in a hospital setting and recorded on HES, and then coded in THIN once the diagnosis is communicated to primary care. The similarity in incidence figures between the datasets supports the accuracy of coding and subsequent case ascertainment.
Several risk factors for oesophageal cancer were not available for this analysis. The prevalence of acid reflux, alcohol and dietary information were not available, therefore they could not be included in the matching or corrected for in the analysis. However groups were matched by age, sex, smoking status and deprivation. In addition mortality was also corrected for Charlson score. The use of two national databases to address the same question increases confidence in the accuracy of the incidence of achalasia reported here. THIN and HES are independent of each other, utilising different coding systems and different sources of clinical data. Therefore it is reassuring that the variation in reported incidence is small. This is also the largest epidemiological description of achalasia ever reported, including over 11,000 cases with no study since Mayberry et al in 1987 having reported more than 1000 cases (4) .
This is the first study to report from population based data on increased mortality and key morbidities associated with achalasia. Our findings are crucial to the prevention of LRTI in achalasia through, for example, encouraging smoking cessation, and to the consideration of screening and risk factor modification (smoking and alcohol intake) for oesophageal cancer in subjects with achalasia.
Clinical guidelines should consider highlighting identified complications of achalasia and urge vigilance among the clinicians to detect and manage them early. Future studies should aim to replicate our findings in other nations.
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